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ABSTRACT 

: 

In accordance with the proposed objectives of thi3 research a study of 
the possible synthesis of nitrogen and boron containing polymerizabie silicon 
monomers of the jB-BaiSg&SiCCSjTXgf (where if is either nitrogen and boron 
and X is a hydrolyzable group like chloro or alkoxy) was undertaken,. Two 
nitrogen-containing silicon moncaars Btethyl-o^dimethylaminophenyldichlorosilane 
and nethyl-£Hiinethylaiid£icpher^yldimetho2ysilane were prepared by reacting jg- 
dissthyla&inophenyllithiua with methyltrichioro-and metbyltriraethoxysllane,- 
respectiveJy, 

/ 
Various methods were attempted to prepare a suitable boron-containing 

silicon monomer without success. Incidental with these attempts it was found 
that s-bromophenyldichloroboron could be prepared by disproportionation of 
tri-n^bromophenylboron and boron trichloride. Symmetrical organoboron compounds 
were prepared by reacting the suitable Qrignard reagsnt with boron trichloiide 
or tvimethyl borate. Di-fl-butyl-and di-n.-propylbromoboron were prepared by 
reacting the respective symmetrical compounds with bromine. 

It was possible to prepare Grigncrd reagents of methyl-£-brojno- 
phenyldlphenoxysilane and inethyl-j^bTomophenyldi^-cresoxysilane. Only the 
latter reagent proved to be of use in subsequent reactions. 

Trlmethylallylsilane and trichlorosilane were condensed, under the 
activation of benzoyi peroxide, to form trimethyl-3-trichlorosilylpropysilane. 
Under similar conditions, trlmethylallylsilane did not condense with 
methyldichlorosilane. It is planned to attempt to condense trichlerc?5lane 
with triallyboron and di-£-propylallylboron. 

Reference has baan sads to the difficulties involved iu &«* eu«»Lysi6 ox 
ox-gianusiiicon and organoboivn compounds, and some suggestions have been made. 
Prom the infrared spectra of the organoboron compounds that were prepared a 
tentative assignment of the carbon-boron absorption frequency has been p>ade 
at 1370-1390 cm-1 or 1320-1340 cs-I? Three tables containing the new compound* 
prepared during the course of this research are included. 

PUBLICATION REVIEW 

This report has been reviewed and is approved. 

FOR THE COMMANDERS 

7 CS{[,  R. WJTLDRE 
Technical Diractor 
Materials Laboratory 
Directorate of Research 
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INTRODUCTION 

i 
I 

The result* discussed herein were obtained under Contract No. 17 33 (6l6)-^79, 

administered by the Rubber and' Plastics Branch Materials Laboratory,  Wright Air 

SavalopMAnt Center.    The proposed object ire of this research was the preparation of 

organosiloxane polyuere containing pol°r groups in the side chains. 

A study of the possible  "ynthtsis of nitrogen and boron-containing polymerizable 

silicon aonoaers of the type xt-RgMj/fikSiCCELjXg,   (where M is either nitrogen or boron 

and Z is & hydrolysable group like chloro or alkosy) was undertaken.    It was hoped 

that the well knowt. mutual affinity of nitrogen and boron would resain act ire in 

the  resulting orgaaosiloxane polymers thereby increasing the attraction between silosane 

chains. 

DISCUSSIPS 

Ihe synthesis of the desired nitrogen-containing silicon sonoasr was achiered 

t>y the reaction of methyltrichlorosilane with jj-diaethylaninophenyllithiiua to for* 

methyl-£-dlmethylaainopbenyldicfcloro8ilane (32$»).    Mettyl-B-dlmethyla»inophenyl- 

di*etho:*ysilane  (3l£) was similarly prepared by substituting methyltrimethoxysilane 

for methyltriehlorotilane. 

OHjSiClj • (CH^gSCgH^i 

OHjSi (OOEj^ * (CH3)2»C6H4Ii 

^      (CEjJgBCgH^SiCCEjJClg 

-*      (CH^ SG6Ek3i{CS3)(.0CV^)2 

the preparation of the desired boron-containing silicon monomer could not be 

achierod by similar methods.    The first approach to this part of the problea was the 

attempted preparation of diaethyl-s-brcsophenylboron.    It was hoped that this compound 

W49Q    IS jSA-102 1 
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would, react witi. a&gnesiun or llthlua to fora an active orgaaoaetallic compound. 

BCi, • 2CH-M«I + BrCgH^HgBr ^        (CH-^CgH^Br 

1 

t 

(CE_)2 2 CgH^B !r *    Kg -}        (CHj)2 BC^KgBr 

««,) 2 B CgE^KgBr + CH3 SiCl, _}        (CS^^BCgH^SUCH^Clg 

? 

Two aethods were  tried to prepare dinethyl-p-broHophenylboron,    The first  of theae,  the 

direct reaction of boron trichloride with 2 equivalents of aethylsf^nsBiun iodid6 and 

1 equivalent  of B-broaophenylaagneslun broiilde,  was unsuccessful.    The only boron-containing 

coapounda isolated were boron trichloride and trisethylboron.    The reaction of jj-brono- 

phenyllithiun, nethylaagneaiua  iodide and aethyl borate,  and of p-bro«iophenyllilMu», 

•thylllthiua and sethylborate     .Id not  oucceed  in preparing the desired compound. 

3 i 
BrC^HjjLi *"irtTT     lff_T 

B(OCH_),    +   BrCgH^Li    •    ZC^L.hi -»    (C H )    BCHBr 
2 5 2       64 

A a the direct uethcd did not  succeed,   it was decided tc try to prepare the compound in 

two  steps.    The preparation of aromatic boron dihalides has been described (l) and the 

synthesis 0    j-broicphenyldichloroboron (<*6ft) was achieved by the reaction of di-a-broioo- 

phanyluercury (2) with boron trichloride  in a sealed tube. 

(BrCgH^gEg + BCI.,  »   BrCgH,,BCl2    +   BrCgH^HgCl 

T»4jrosophen?ldichloroboron (25$) was al30 prepared by the dlaproportionatlon of tri-ji- 

"broMophenylboron and boron trichloride.    This latter aethod is actually the sore deeir&bla, 

although 

(BrCgHj. B + 2BC1_  )     3BrC6H^BCl2 

the yield is lower,  as a larger aaount of product can be synthesized in a alngle 

preparation. 
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Serpral   atteapts '.fere  Bade to  alkylate  the ^-brocophenyldichloroboron with 

uncertain  results.     The  first   of  these was  the  reaction  of  dlchloride with two  equiyalents 

of ethylllthiua.     Although  the  ethylllthiua  reacted,  as eTidenced by Color Test   1 

Tiff*   U   •D«t a,      o   p    JJ   T i •> 'Wz8 Wr 

(3)!   the desired product was not  isolated.    The reaction which came closest to achieTing 

success was  that   of ethylsagnesiuc bronide  and the dlchloride .    A liquid distilling at 

55°/26.0 an. was  isolated.    Although it  was thought  that  a pure coapound had been obtained, 

the eleuental aaalyein \>as not  close enough for a definite assignac.it.    Further coaaent 

will be nade on the difficulties iarolred in analyzing organoboron coapounds later. 

In a whird utteapt  at  alleviation,  the dichloride was reacted with n,-buty?.sagaesl«« 

broaide.    Phs only product   isolated was  tri-n-butylboron (6o$f).    This result  suggests 

BrC6H^BCl2    •    2 n-C^KgBi-  » (^-0^)^ 

the possibility that,  thn  inate  character of the boron atoii way prerent  the existence 

of completely carbon-substltut«d  organoboron coapound where  there  is gross un similarity 

in the  alkyl and/or aryl groups.    Sunh unsyaaetrical  structures aay be  foraed as 

intermediates which then rearrange  to fora aynnetrical coapounds. 

3(fl-C^H9)2 B C6HuBr > 2 (fl-C^)^ • (BrC^)^ 

An atteapt was aude to fora the aoco-Orignard reagent  oi' trl-jj-'oro^ephoaylboro/i 

a&d the Orignard of diethyl-jj-broKophenylboron (?) without  success. 

As tbasse rarious atteapte to prepare  an organoboron coapound froa which a Orlgnard 

or othev actiTe organoaetalllc  could be Bade did not  succeed,  other methods for preparing 

the desired organo-boron-siliccn coapounds were sought. 

Trlsch and Shrogg (<*)  reported that   the Grignard reagent of triaethyl-£-broao- 

phenoxysilane was prepared In an 83$ yield.    This  suggests that by rerercing our 

approach and preparing a Orlgnard reagent  cf an organosllicon coapound which was polyaerls- 

able,   and than reacting this with an appropriate boron chloride,  perhaps the desired end 

would be attained. 
3 
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This was  investigated by the following series of reactions; 

BrCgB^MgBr    •    CH.J SlCl^       >   BrCgB^SKCR. )tt2 

BrC^SitCH^JC^    +   2 a-C^QH    ^   BrOgH^SlCOC^-^gCH, 

BzS6E^st(OC.^-o)2CBL • «s + (C^SiCl  }£-(CH3)3SlC6H^Si(0C7H7-a)20B2 

¥hes« reactions worked well with the silicon compounds and •ethyl-E-trlBethyisilylphismjl- 

di=c.-cr«eoxysllane was prepared in fair overall yield.    Di-ji-butylbro«oboron {70%) 

was prepared AS outlined by Johnson and co-workers (5) by the cloarage of tri-n-batylboror 

with broslne. 

3 S-C4K9MsBr    •   BCLj  » U-C^^ B 

(l-C^)^    •   Br2    ) U-C4H9)2 B Br 

Although tri»ethylchloroailane does not react with magnesium turnings,  di-3-butyl 

brosobsrcn doss.    Thia result   serereiy limited the usefulness of this approach as it 

increased the chance of side reactions in s. syst6a where ample posBibilitien already 

existed.    The products formed  in the reaction oetween di^-butylbroKoberon and magnesium 

were tri-,a-butylboron and di-£-butylboron hydride (?). 

(n-0kS9)2 B Br    +    Kg    >   (a-C^)^ B    +    (fi-C^^ BH (?) 

• reaction of aethyl-jB-bromophenyldi-o-crSijf.xysilane,  di^ja-butylbromoboron and aagaesi'aa 

led only to  the recorery of the    isresoxysilane  and formation of tri-n,-butylboron and 

di-3-butylbcrcs hydride. 

Following  the lead of Somuer and Whitnore  (6) and research carried out  in this 

laboratory,   the possibility of condensing e. boron-containing olefin with trichlorosilane 

was inrestigated.     In a model reaction trinethylallyl«ilane and trichlorosilane were 

condensed.    Ho reaction took place us-ing ultxariolet  Irradiation but the use of benzoyi 

peroxide led to  the formation of trisethyl-3~triehlorosilyl-n-propyl8ilane  (**l/l).    Under 

eiiillar conditions no reaction took place between trimethylallylsilane and nethyldichloro- 

sllana. (CH_),S1CH2CH    •    CH2    •    HSiCl     > (CH-LSiCHgCH^CHgSiCl^ 

ViSC IB    54-102 * 
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Tri-ij-allylboron (25^)  and di-jj-pro^ylallyl'boron  (51$)  were prepared by the methods 

outlined earlier. 

CH2    »    CHCHgMjCl  (large xs) + BCOCH-), ^ (CH£ » CHCH2)_B 

3 a-C^gBr «• B(OCH3)3     ^ (a-C^H^ B 

(n-C3H?)^ B + Br2       ^ (rk-C3H?)2 B Br 

(a-C3H?)2B Br * CH2 - CHCRgHgBr > (a_C1H?)2BCH2CH - CHg 

It w&a noted that  the  cleavage of tri-jj-propylboron with bromine was accomplished much 

sere  slowly than that  of tri-jj-butyiboron.    This is a reversal of tbe ease of clearage 

by acidic reagents of organic groups  in organometallic compounds (7),  and,  as such,  1B 

worthy of further investigation .    The actual attempted  ceoiezisttion of these uiiaaturatou 

organoboron compounds has cot been carried out   as of this writing. 

Throughout  the course of this  research the analysis of the orgaoboron iwo.d organo- 

silicon compounds has proved to be difficult.    Carbon and hydrogen have been analysed 

by the usual dry oxidation methods and the carbon results hare been lew.    This may be due 

to the formation of carbides in the oxidation train,    k wet  oxidation method might 

eliminate this difficulty-    Silicon has been determined by Parr bomb fusion and these 

determinations have been low almost without  exception.    Oxidation in a platinum crucible 

with concentrated  sulfur?c acid might be the better method  in this case.    Tuture 

iuTvubigators are strongly advised to devise adequate methods of analysis for themselves 

at  ths outsiet of their research.    The organobromoboron compounds were easily and 

accurately analyzed by the Volhartl method of adding excess silver nitrate and back 

titrating with thiocyanate, using ferric iron as indicator. 

The use of infrared analysis proved to be  »ery useful in the preparations of 

di-n,-butylbro*oberon and di-n,-propylbromoboron.    Tri-jj-butylboron has a medium absorption 
-.1 

band at 2015 cm      but thie band is absent  in the spectrum of di-n.-butylbromoboron.    The 

same tituation exists for tri-a-propylboron and di-g-propylbromobcron.    Therefore it was 
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a uiUf.li Matter to ascertain  if  tnese monohalldes were free of the symmetrical organoboron 

compound-    An analysis of the infrared spectra included herein shows absorption bands at 

13/0-1390 Cjf    and 1320-1340 cm-1 consistently,    A tentatiTe assignment of the carbon- 

boron absorption frequency c*ii be made for either of these positions. 

Tables 1,   II and III contain a list of the new compounds prepared during the course 

of this research,  together with their boiling points  (and/or Belting poirts) and their 

elemental analyses* 

•        I 

axwtBIKISTAL 

Preparation of Het'rrl-p-dlmethylamlnophen-vldichloroBllar.?.- p-Di*ethylaminoTshenyllithium 

(0.27 mole) in 225 ml.  of ether was added to 80.0 g-  (0.54 mole)  of methyltriulorosilane 

In 500 ml.  of ettsr dropwise and with good stirring.    Fractional distillation led to  the 

isolation of 20.0 g.  (32.o£)  of methyl-p-dlmethylaiiinophenyldichlorosilane distilling 

at 106-110°/0.7 mm.,  m. 41.5°. 

iSil. Calcd. for C-H^C^SSl:  Cl, 30.22;  H, 5-99 

Found: Cl, 29.20; I,  6.30. 

Preparation of Methvl-t>-dlmeth.vlamlnoaaaaTldi>iethoxy»llane.- p-Dlmethylaminophenyllithium 

(0.25 mole)   in 225 ml.  of ether was added to 68.0 g.  (0,5 mole)  of methyltrimethoxysllane 

In 50C ml. of other dropwiee and with good stirring.    Fractional distillation led to the 

recorery of 20.0 g.  (58.8jf) of methyltrimethoxysilane, b. 98-100*    ?6o mm. and the 

isolation of 15.4 «•  (31.3^)  of methyl-p-dimethylaminophenyldimethoxyBilane distilling 

at 88-90°/0.3 ••. 

Anal. Calcd. C^H^HSl: C, 58-75: H, 8.51;  H, 6.23. 

Pound: C, 58.78; H, 8.41; I,  7.22. 
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Attempted Preparation of Dimethyl-p-brosophenyruoron.-  p-BroEophenylmagnesium bromide 

(0.86 mole)  was prepared by stirring 201.5  g-   (0.66 sole)  of p-dibrcs:.jiienzene with 

20.89 (0.86 g. atom) of magnesium turnings in 500 ml. oi ether until all the seta! was 

dissolved. Methylmagnesium iodide (2.1 sole) was prepared from 298.0 g. (2.1 mole) of 

•ethyliodlde and 60.6g.  (2.5 g. eitom) of magnesium turnings in 600 ml.  of ether. 

Into a 2, liter flask equipped with a cold  condenser,   electric  stirrer and dropping 

funnel.,   and  surrounded by a Pry Ice-acatone bath (-30°)  was let 95.0 g.  (0.81 mole)  of 

cold   boron trichloride.    Then 100 ml.  of  e*;her  •me.s cautiously added followed by addition 

of tfa« p-bros20pher.ylEagneE.iusi bro«ide solution.     On.e hour after addition was  complei-fcd 

Color TeBt  I  (3) was negative.    Then the methylmagnesium iodide solution was addsd and 

the  reaction mixture was stirred  overnight. 

Work-up of the reaction by fractional  distillation at   760 mm.  led to  the  recovery 

of trlmevhylboronj  boron trichloride  and bromobenzene  In  trace  amounts. 

A second reaction was carried out using p-bromophenyllithlum,  methylmagnesium iodide 

and methyl borate.     Occe again only trioethyl boron and bromobenzene were  isolated. 

Attempted preparation of Dlethyl-p-bromophenvlboron.-    p-Bromophenyllithium (0.25 mole) 

was prepared by the addition of 0.25 sole of ethyllithium  in 173 «1.  of ether to 59-0 g. 

f0.25   »ol«>)   of  n—d1bv-OBob«nTPT)fi   1n   ?AO  nl .    r,f   ot.hev   o+   —UQ° . 

Into a 2 liter flask equipped with a cold  condenser,   6tirrer and dropping funnel, 

asd surrounded by a Dry Ice-acetone bath (-40°) was placed 26.0 g.  (0.25 mole)  of methyl 

borate In 500 ml.  of ether.    The p-bromophenyllithium solution was then added with 

good stirring.    Fifteen minutes aCLer addition Color Test   I was negative.    Then 0.50 mole 

of ethyllithium in 3^6 ml.  of ether was added.    The reaction mixture was  slowly brought 

to  reflux,  maintained there  for } hours  ana  then allowed to  stand overnight.. 

Hydrolysis v^3 carried out by the  addition of 350 ml.   of sat.  ammonium  chloride 

solution.    The ether layer was dried over sodium  sulfate,  filtered and fractionally 
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distilled.    After ether vsmorsl the remaining liquid was distilled undt«r reduced pressure. 

The aain fraction (8.7 g-)  distilled at  ?l°/2.6 ii.    This waterlal redistilled at Z6°/0.k ma 

to gire 5-6 g-  of product. 

Anal:  Calcd.    C    H^BBr: Br,  35-55.    Found:     Br, 2k.k6. 

Redistillation of the analyzed liquid yielded a single fraction; 

b.    52-5^/12.5 mm. 

i-PAlt Ceded,    G^H.jJBr: Br, 35-55-    Founa:    3T, 18.82 

Preparation of p-3romc-phenyldlchloroboron.-  In a Carius tube were placed 38.0 g.  (0.07 mole) 

of di-p-bromophenylmercury and 41.0 g. of boron trichloride  (l).    The tube was sealed, 

heated at 200* for 4 hours,  gradually cooled to -30* and opened.    Then 10 ml.  of dry benxeae 

wag added tp the  tube,  and the liquid portion waa decanted in a 100 si. flask and 

fractionally distilled.    The boron trichloride auu benzene distilled first,  then at 1.0 am. 

one fraction distilling at  61-65* was obtained.    Total yield of p-bromophenyldichloroboron 

vaa 8.1 g.  (1*6%) - 

Analt Calcd. for CgB BBrClgt Heut. Iquir., 118.9. Found: Heut. BquiT., 113.9. 

In a 500 ml. flask equipped with a low temperature condenser were placed 60.2 g. 

(0.126 sals) of trl-p-brcpaophbiijfluoi-oa and 26.5 g. (u-o-t mole) or boron trichloride. 

The flask temperature was gradually raised from 30° to 200° and the condenser maintained 

at -70° by aeans of a Dry Ice-Acetone mixture. The solid gradually turned dark brown 

»nd eTectually melted. The moltes mass was heated for a tola! of 5 hours, during the 

last hour the temperature vae saintained at 200s. 

Upon cooling the contents of the flask,  a syrupy liquid, was transferred to a 100 ml. 

flask and distilled under reduced pressure.    One fraction,  distilling at 3fc-82*/0.?-i.5 mm. 

was obtained. 

Heut. Jquir.    Oalcd. for CgH^BBrvig, 118.9.    Found 110.0 
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The fraction was  redistilled and after a «inor forerun 2 fractions were obtained. 

Cut  1 distilled at 60-68%.7 aa.  sad weighed 5-6 «.;  Cut  2 distilled at 68°/o.? KK.  and 

weighed 14.5 g;  Cut 2  solidified on cooling and aelted at  22-2'*°.    Cut 1,   although easily 

solidified,  was. a liquid at  this teaperaturw. 

Infrared spectra of the 2 fractions wer» virtually identical.    Total yieJd of p-broao- 

phenyldichloroboron was 20.1 g.  (22.4$). 

Attempted Preparation of Dlethyl-p-broiioT}hen.vlboron. - The 8-1 g.  (0.034 nole)  of 

p-broscphenyldichloroboron prepared atore was added to 100 al. of ether  in a 300 al. 

flank-    To this 0.070 sole of ethyllithiu*  ic 52 al.  of ether v*s added,  dropwlse and 

with good stirring.    Color Test  I was negative 30 ainutes after the addition was completed. 

The  reaction aixture was hydrolyzed and worked up. 

In the final distillation 1.6 g. of aaterlal distilling at 27*71.0 aa. was obtained. 

Anal.    Calcd.  for C^H^BBri Br, 35-55-    Found? Br,  20.69, 

la a 500 al. flank »ef« placed 14.5 g.  (0.0c sole)  of  the p^oroBopbenyldichlorotoron 

prepared above and 100 al.  cf ether.    To this was added 0.12 sole of ethylaagaeeiuM broaide 

in 200 al. of ether over a 1 hour period,    A colorless  solid precipitated froa the  solution 

after addition of 20 al. of Srignard solution.    The reaction Mixture was gently reflated 

for 1 hour after addition.    The reaction aizture was then hydrolyzed by the cautious 

•ddliiwo of 100 al. ox  a saturated aaaonius cniorlde solution.    After drying the ether 

layer over Drierite, the ether was removed by distillation and the residuel oil was 

vacuua distilled. 

One fraction distilling at 56°/26 aa. was obtained; weight,  4.9 g.    This was redistilled; 

*. 55°/26 a=; weight 3.0 g.    Shis Material,  after fusion, aelted at -30° to -28°. 

Anal. Calcd. for ^gH^Br:  C, 53-^f H,  6.27.-    Found: C,  47,59; H, 4.53. 

There was soae evidence of partial decomposition apon vacuum distillation of this 

material. 

If 
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fraction of p-Broacohenvlboren Bichloride with n-Butylaagn»stna Broaide.-    In a 500 al. 

flas*  ;—r- nlsi-ed ?4.9 g.  (0.1C5 aole) of p-broaophenylboron dlchlorlde and 100 al.  of 

ether.    To this was added,  dropwlse and with good stirring,   0.21 sole of B-butylaagnetiu» 

broaide in 173 "1 • of ether.    The reaction aixture was stirred for fifteen ainutes after 

addition was coupleted,  filtered under nitrogen and the ether raaoved under reduced 

pressure. 

The residue was vacuua distilled to yield one fraction, b. 51-53%).? aa.t  wt.   ?.0 g. 

The  infrared spectrua of this aateiial  showed none of the characteristic aroa&tic absorption 

and,   indeed,  was identical with that of an authentic speciaen of tri-jft-butylboron.    The 

yield of tri-n-butylbcron was 7.0 g.  (6C#). 

Heacftlon of p-Jroaophenyldlethylboron (?) with Magneslua.-    Ho apparent  raaction 

took place between p-broaophenyldlethylboron in ether and sagnesius aetal. 

Preparation of MethYl-p-broaophenyldlchlotosllane.-    To a rapidly stirred solution of 

112 g.  (0.75 aole)  of aethyltriehlorosilau.e  in 750 al . of ether was added 0-5 •.?!« of 

p-broaophenylaagnesiua broaide  in 500 al. of ether=    After addition was coapletei.,   the 

mixture was refluxed for 2 hours and allowed   tc   stand overnight.    The ethereal  solution 

was filtered under nitrogen  and she ether  snd excess aethyltrichlorosilane distilled froa 

a steaa bath.    The liquid residue was then fractionally distilled.    Two fractions were 

obtained. 

Fraction 1 distilled at 59-91*/0-7 aa.     It partially solidified on standing.    The 

liquid portion was decanted and redistilled.    A forerun,  which solidified upon reaching 

the water condenser, distilling at 64-68°/0.3 •»• and a liquid fraction distilling at 

65-68*/0.3 aa. were obtained.    The  solid was combined with the solid previously isolated. 

The liquid fraction was then  subjected to a vacaua subliaation.     The  liquid was aaintained 

at 100°  and 0.2 an.,   and the  solid which subliaed was  caught  on the walls of a cold 

condenser.     The residual liquid was then analyzed. 
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jlfial-    Cslcd.  for C^JrClgSi:    C, 31-13: S.  2.58.    Found; C,  31.41$; 

H, 2.73. 

fraction 2 distilled at 94-174%).7 aa.    This was redistilled to yield a solid 

foreran distillijg at 53-oOv/0>3 *•• and a liquid fraction distilling at 67-?0°/0O «•• 

lacb fraction wan  treated as above. 

•Jha coabined solid was crystallised froa ethanol to yield J.O g. of p-dibroaobenzene 

aelting at 83-85*.    She two liquid fractions were ccsbined to give a total of 37.1  g. 

(27.5%) of aethyl-p-broaopheayldichlorosilan*. 

Preparation of Hethvl-i>-broBOT>henTldiphenoxTsll8P.«i.-    In a 1 1.  flask were placed 57.9 t 

(0.213 aoli>)  of aethyl-p-1>roBoph«P.yldichloroBiiaao, 23 g.  of triethylaaine and 250 al. 

of ether,    Tc thin was added 40.0 g.  (0.426 aole) of phenol -iid 22 g.  sf triethylaaine 

in 250 al. of ether.    The reaction aixture was refluxed "or 4 hears,  cos^.sd aad filtered. 

The eth#r was distilled and the oily residue was fractionally vacuua distilled .    Two 

fractions ware obtained. 

Fraction 1 distilled at 56-90°/3-0 •••    A seai-soild with pronounced phenol-like 

odor. 

Traction 2 distilled at 190-206%. .1 aa.    A VISCUOUB yellow oil, wt. 58.9 g. 

Shis aatsrlal was redistilled to /ield 43.5 g.  (54.4#) of aethyl-p-broaophenyldlphC40xy- 

cllane distilling at l83-185*/0.9 «=-. •• 43-44°. 

iJiaj.. Calcd. for C^H^^rOgSi: C, 59-23: H, 4.45.   Joundt C, 57.63; H, 4.55, 

Pranaratlon of Metrvl-p-ti-laethylsllylPhaaTldlphenoxvsilane.- 

bm One - A solution of 42.0 g. (o.ll aole) of aethyl-p-broaophenyldiphenozysilane in 

IOC al. of ether was rsflused with 3*0 g- of aagnusiua aetax for 18 hours.    Ho apparent 

reaction task place and Color Test  I was negative.    A saall piece of iodine was added 

and reflux continued for 3«5 hours.    The iodine color was gradually discharged and the 

aetal appeared to be attacked.    Color Test 1 becaae positive.    The Orignard solution 
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was decanted into a uropplug funnel and  added TO  a solution of 12.0 g.   (0.11 aole)  of 

triaethylshlorosilane  in 100 •!•  of ether.    A total  of  0.7 g-  of aagncsivi.-i w&a  recovered 

indicating an 86$ yield of Grignard.    The reaction mixture was stirred and reflured 

overnight,   cooled,  and filtered.    The ether wa3 carefully distilled using a Yigoreeiux 

column (no triaethylchlorosilane was recovered) and the  residue was fractionally vacuua 

distilled.     Two  fractions were obtained: 
Zk.hr 

Traction 1 distilled at 48-50°/o.7 as;    *!> 1.476G.    It has seeu reported thai 
25 

triajtaylphenosyeiiane distills at  81°/23 aa;  *£        1.4/53.    the yield of triaethylphenoxy- 

slltjne was 9-6 g.  (53*). 

fraeUoa 2 dlstillsd at l?8=1909/o.? s.    This vaa redistilled to yield a saall 

forerun and a aaio fraction distilling at l?0*/l.l aa.; weight 1.2 g.  (2.9*).    it was 

thought that this aaterial was the desired aethyl-p-triaethylsilylphenyldipheaoxysllaae. 

JAB*. Calcd. for C22H26°23i28    C* 65.80; E, 6.33.    ffouaij C, 48.42; H, 5-35. 

Baa ffwo - la this reaction 14.3 g.  (0.03? aole) of aethyl-p-»rcaophenyldlphonoxy- 

silaae, 0.9 g.  (0.037 g. atoa)  of aagnesiua turnings,  8.0 g.  (0.074 aole) ox   triasthyl- 

chlorosilane acd 50 al. of ethor were combined in a 100 al. flask.    Ths rs&ctloa was 

laitiated by the addition of 0.5 al. cf ethylsroaide,  and wa« stirred and ?*#lazed tor 

3.5 hours.    The ethereal solution was filtered aad worked ap as abore. 

•0 low soiling fraction was obtained on vacuum distillation.    Oae fraction distll^lag 

*,% 156-l80*/l.O am. was obtained.    This was redistilled to yiftld 2.0 g. (14.0*) of 

aetbyl-p-triaethylsilylphenyldipaenoxysilaae distilling at I72c/l.0 aa. 

|aj&. Oaled. for C22H2502Si2,    C' 69-80; H,  6.93.    Pound:  C, ?0=12; H, 6,12. 

The Infrared spectra of the desired products isolated la Buns One esd Two proved 

to se identical.    Iridently the analysis in Stun One waa la error. 
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Preparation of Methyl-p-sroaophenrldl-o-sresoTT-ilane.-    Crude *etayl-p-eroaopi»enrX- 

dichloroslliine was prepared \tj the   addition of 0.70 aole of p-kroaophenylJ»«nae»iu« 

•roaide (fros 165.2 g.  (0.7 eole) of p-dlbro*obenzene and 17.0 g.  (0.7 g. aton) of 

aagneslun) In 750 al. of ether to 1.4 aole of    aethyltrlchlorosllaae in 2 l.of ether; 

the ethereal solution was filtered, and the other and esness aethylt^lchlorosilaae 

reaorad »y distillation. 

To the crude aaterial was added 7i.C g..  (0.7 aole)  of  triethylaalne  in 1 1. of 

ether-   A solution of 151.0 g. (1.4 aole) of o-cresol and 71.0 g. of trjethylesiss la 

250 al. of ether was added to the reaction solution in a thin streaa with food stirring. 

After addition completion the aixtnrs was stirred overnight.    The ethereal solution 

was filtered fro« the dense solid and the ether wac reaoved 17 distillation.    Turn 

residue wns then vacuua distilled. 

TWO fractions were obtained.    Traction 1 distilled at 60-l40°/l-3 aa. and 

Traction 2 at 170-285*/l-3 aa.    Fraction 1 was redistilled at ataospheric press&rs 

and 44.1 g.  (?9.2jt) of £-cresol was recovered.    Cut 2 was redistilled to yield a foreran 

distilling at 162-180°/l.O aa. and 66-5 f • (22.# orerall,  32.2JJ eased on recovered 

.ft-crssol) of aethyl-p-sroBophfusyldi-i ciesoxjsllane distilling at 196-200*/l.0 aa. 

Anal. Calcd. for C„H21Br025it  C,  61.10; H, 5.12.    Pound: C,  61.05; &• 5fl0. 

Preparation of Mothvl-p-trlBOthvlBllylphenyiai-o-cresoxTSllane.-    In a 300 al. flask 

ware placed 31*5 g> (0.076 noKs  of a*th»!-p-=^r.-.»»pL»nyl-di--£-creBoxjeilaae#  16.5 g. 

(0.152 aole)  of triaethylchloro»ilaai», 3-4 g.  (0.15 g. atoa) or aagnesiua turnings ami 

100 al. of ether.    The reaction was initiated 07 the addition of 4.3 g. (0.04 aole) 

of ethyl sroalde and was then stirred and re .fluxed for 6 hours,    the ethereal solution was 

filtered,  the ether reaoved »j distillation,  and the residue vacusa diet tiled. 

After a saall forerun, the fraction distilling at l?5~200*/l.0 aa. was collected. 
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This was carefully redistilled to yield 12.8 g.  C+lojt)  of aethyl-a-triaethyisilyl di-o- 

cresoxysilaa* distilling at l82-l85*/0.6 aa. 

JTrl -   *aled.  for C^fi-gOgSigt  C,   70.90; H,  ?.Uk.    found;  C,  ?2.9^; H,  7.03. 

Reaction of MethTl-p-eroao-jheayldl-o-cresomllaae. Pl-n-sutylsoroa Broalde and Haaaeslus 

la a 300 al.  flaak were placed 33.5 (•  (0.08 aole) of aethyl-£-sroaopheayldi-o-cresoxy- 

sil&ne,  29.6 g.  {O.lk aole) of di-n.-sutyl»oroa Sroaide sad 125 al.  of ether.    To this 2.If f. 

(0.1 f.atoa)  of aagneeiua turnings was added,    Alaost  iaaediately Timorous refluxlag 

eoacenced.    When the spontaneous refluxing had stopped,  the reaction Mixture was stirred 

and re fluxed for an additional 2 hours »y outside heating.    At the end of this tiae  all 

the nagnesiuK appeared to hare seen used.    Upon coolla* the ethereal solution was decanted 

fro» the colorless solids 

The ethereal,  sel»%".oa W&J cooled overnight in Dry Ic«.    Two layers fc?s€'-      The 

upper lay«r (ey far the greater portion) was siphoned off «"d the TSIJT risccus louer 

layer was eTacuated «« the racuua paap leariag a grey solid.    The rolatile aaterial 

was addfid to the upper layer.    The colorless solid referred to atove and  the grey solid 

prored to te aagaeslua disroalde. 

The ether was then ra»<vr<jd at the Tacuua puap aad aaay atteapts were Bade to 

crystallite th* residual oil,  without  success.    Then 100 al. of toluene was added to 

this oil and once sgaia atteapts to gala a crystallise susstance were aade, without 

ssscsas.    Finally the aaterial. was fractionally racuaa distilled.    In the first distillation 

3 fi*ar;ti:-£S xmn ostaiaed. 

fraction 1 distill*' telow rooa teaperatare at 1,0 aa.    This prored to se tolusae. 

tractloa 2 distilled at 48-l60*/0.5 •••    The lafrared spectra of the aaterial was 

•iallar to that of trl-a-sutylsoroa,    This was redistilled to yield 2.8 g.  (15.8jf) of 

di-j-sutylsoroa hydride distilling at 33-*O#/i«0 aa. aad 2.3 g.  (12.3)1) of tri-i-Vutyl- 

soroa distllllag at 60-63%-t.O «•• 
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Traction 3 distilled at 17G-2O5°/0.6 aa.    The inf rarad spectrun of the aatssrisl was 

•lallax tc that of »ethyl-p-»roaopheayldi-<i-cre8oxysilane.    This liquid was redistilled 

to ylsld 8.5 g. (25.4% recorery) of ECthyl=s=»roaophenyldi-,o.-creso3y«Uane dietillir.g at 

194-204V1.2 aa. 

Frsrcaratlon of Trl-a-hutTxfegroa.-    To 67-5 g.  (0.575 "©Is) of sore* trichloride U 1 1- 

of ether vaa added 2.0 aole of a.-eutylaagneslua sroaide IK 1 1. of ether.    Color T*u»t I 

was weakly poaltire at the completion of the reaction.    The whole mixture vaa traaeferred 

to a 3 1. flack,  the ether reaorsd aad the  salt eats Tae«a distilled.    The facmma 

distillate was redistilled. 

A. total of 49.it g.  ',47.2%) of t.ri-n->utylBeros distilling at 52-6')°/0.? aa. was 

attained. 

In a second preparation 3.5 aole of n,-»utylaagaesiua sroaide was reacted with 104 g. 

(1.0 acle) of aethyl sorate.    The reaction alzture waa hydrolysed "»y the cautions addition 

of water;  the ether layer was sipbaaad and dried orer sodium eulfate.    Tue ether wae 

reaoved and the residue racutur. digitilled. 

k total of 82.0 g,  (4.S.1%) of tri-»-Vityl>oroa distilling <\t 60-62s/o.5 aa- was 

obtained. 

Preparation of Si-a-Vitylboron Broalde.-    This preparation was carried out as  outlined 

by Johnson and co-workers (5).    In a 100 al. flask was placed 36.9 g-  (0.20 aole) of 

iri-jL-tutylteoroa.    Tc this 32.4 g. (0.20 acle)  of •roaine was added dropwlse.    The 

color was allowed to discharge before each new drop was added.    The solution was then 

vacuum distilled.    By a series of three racuun distillations it was possible to obtais 

27-4 g.   (66.0%) of ii-»-butylboron bromide distilling at 46-48°/0.5 aa.  and recorer 

2.3 g.  (6.2%)  of trl-n-butylboron distilling at  65%).6 aa. 

Anal. Calcd.  for Co^oBBr:    Ecut. Iquiv.,  205.    Found:    Heut. Bquir., 201. 

I 
i i 
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JMallfll °* Dl-n-»atrl»oxon Broalde with >ajffmln*r-    IB a 100 al. flask was placed 24.3 g. 

(0.12 aole)  of dl-n-»utyl-»oron Ihroalde In 50 al.  of etber.    To this was added 1.5 g. 

(0.06 g. atom) of aagaesiua turnings.    Stirring was tegun and after a few xinvtes vigorous 

reflsziag coeaeaced.    This continued for a»out 1 hour.    The alxture was then refluxed for 

as additloaal 30 alnutes >j c«tslde heating.    0a cooling the ethereal eolation was decanted 

frea the colorless solid,  the etker was reaored Vy distillation, and the liquid residue 

vaeuaa dl*till*d.    Threa fractions were obtained. 

Traction 1 distilled at 26-32*/0«7 aa.    This was e. alnor foreran and was  ignored. 

Traction 2 distilled at 33-37°/0.? aa, and weighed 8.5 g*    This liquid contained no 

loaisable aroalae. 

AMI- Oalod. for CgHlqB: C,  76.20; E, 15.20; B,  8.60.    Found: C, 56.62; 

H, 13.78; B, 6.79. 

Anal. Calcd. for Cl6&j6B2t    0,  76.85: K, 14.50; B, 8.65.    Found: C, 56.62; 

H, 13-78; B.  6.79- 

Traction 3 distilled at 53-55*/0.77 aa. and weighed 6.2 g.  (42.7)1).    The infrared 

spectra of this liquid waa identical with that of trl-n-sutylsoron. 

iail' Oalcd.  for GgjU^BrO^aij    C,  61.10; 2,  5.12, Tound:  C,  60.89; H, 5-10. 

Shere was a considerable amount of charred aaterial left in the still pot at the 

end. of the firs* distillation and this nay w*li have seen the desired product decoapossi 

by the high teaperature needed la the distillation. 

gaUMPaUgl s' TrlaethYlallylsllana.-    In a 2 liter flask was placed 27.8 g. (1.14 g. 

atoa) of aagaesiaa turnings in 200 al. of ether.    Then 84.3 g.  (1.10 aole) of allyl 

chloride in 200 al. of ether and 109 g.  (1.0 aole) of triaethylchlorosilaae in 200 al. 

of ether were added siaultaneously,  at a droptrise rate,  to the reaction flask,    as soon 

ae the reaction van initiated the flask was   surrounded by a large  ice bath.    After 
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addition vac completed the aixture was stirred overnight, hya>olyied,  and the ether layer 

dried orer eodiua aulfate. 

After filtration the ?ther was reaoved »y slow distillation through a 4* vacuua 

Jackets* eoluan packed with class hellciee.    The fraction distilling at 80-86*/?60 aa. 

was dried with soae calclua hydride,  and was redistilled to yield 56.9 f.  (50JJ)  of tri- 

aethylallylsllane;   ». 86°/760aa.,    nj^     1.4040;    ». 8k.$°/?6Q aa., n£5    1.1*071* has seen 

reported    . 

Preparation of Trlneth-Tl-^-trlchlorosilylprcarlsilane.- 

Bea 1— A solution of l?.l g.  (0.15 aole)  of triaethylailflsilane and 61.0 g. 

(0.45 aole) of trichlorosilane wae suoaitted to 17 hours of  intense ultr&Tiolet irradiation. 

A cold finger condenser charged with a Dry Ice-acetone sate was used to hold the volatile 

trichlorosilane in the reaction flask.    Distillation of the solution yielded only starting 

aaterials. 

Sun    2.- 9hs rsactants were coa»iaou in the  name aaounts and 3-0 g.  (0.013 uole) of 

eenzoyl peroxide was added.    The solution was refluxed for 66 hours and distilled.    Swc 

fractions were taken. 

fraction 1 distilled at 3O-10O°/760 aa; acstly starting aaterlals. 

Traction 2 distilled at 100-200*7760 an.    This was redistilled and, alter a samll 
j 

forerun, 15.3 g.  (41.050 of triaethyl-    -trichlorosilylpropylsilane distilling at 

158-l60®/760 an. was obtained. 

Ajfli. Calod. for CgHj.-Cl-Sigf    C, 28.84; H, 6.06;  neut. equiv.,  83.23. 

?cunds  C, 33-03: H, 5-86; neut. equiT., 82-2. 

Preparation of Triallylsoron.-    In a 2 liter flask was placed 53*5 g> {2-2. g. atoa) 

aagaesiu tursings in 266 al.  of ether.    The flask was surrounded »y a large ice Vain. 

lhen 153.0 g.  (2.0 aole)  of allyl chloride in 266 al. of ethsr was added at an extresely 
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slow rat* (9 hours).    A heavy  suspension resulted.    Thi«n 53=5 g.   (0.5 aols) of boron 

trichloride was allowed to evaporate spontaneously into the reactics flnsi.    ?h* nixturu 

was hydrolyzed and worked up in the usual Banner.    A total  of 1?.0 g.   (25.4^) of triallyl- 

•oron distilling at 55-5S*/l« ••• was o^taisci, 

AMI. Calsd.    CoSj^Bt    C, 80.65;    H, 11.26.    foundt C,  75,5k;    H, 10.84. 

Preparation of tri-n-propvlfroron.-    This coapound vas prepared an outlined for 

tri-a.-»utyl^oron using the hydrolysis aethod.    In a 0.52 aole run the yield of product 

was 34,6 g.  \iZ.b$) and in a 0.78 aole run, 58.0 g.  (52.8JS).    Tri-n.-propyl»oroa   distilled 

at 52-54#/l4.0 mat: l60-l62»/?6o urn-. 

Preparation of Dl~a--proDTlacron Broalde.- This coapouad waa prepared as outlined for 

di-n,~»utyl1*c>ron Vroaidn.    In a 0.24 aole run the ?leld of dl-a-propylftoroa broalde waa 

13.1 g.  (33*5^):  »•• «4*/l7 aa.    A recovery of 10.2 »• (30.1JI) of %**^-propyl»oron was 

aade. 

_aal. Calcd. for Cg&uJffirt Br:  45.00: acts -t., 177.9.    ?oaadt Br, 44.G0| 

aole wt., 181.4. 

FreparatlOB of Dl-n-propvlallvlsoron.-    To 35 *• (0=187 aole) of di-n-propyl sroaide ia 

300 al. of ether was added 0.35 aole of allylaagneslua sroaide In .500 al. of ether.    Th* 

aixture was stirred and refluzed for 3 hours.    Two liquid layers forasd.    the top layer 

was siphon-.* off and fractionally distilled.    One high soiling fraction,  ».    114-117*.760 • 

was isolated.    This aaterial was spontaneously flaaaaale on expoaar* to air,  suralag wi^h 

a green flaa«-    Total yield of dl-n.-prop7lallyl»oron was 13.2 g.  (51.2jt). 
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Coapound 

JEE SSKESHSS 

OrcRKesllicon Ccapstoda 

TABU I 

M*thyl-£-dtaethyliu»iiioptoenjrl*lcliloro- 106-ilC*/Or? — = 
ailana *. kl-kZ* 

Metfa7l-£-4iMthylaainopfcan7ld.la6thoxy- 88-90**/0.3 a*. 
allaae 

H»thjrl-p-aroaophenyldlchloro»llane 

Hathjl-jj-aroaopJiaayldlphaaoxyailaae 

•Una 

Hethyl-.p-triaetfcj'lsilylp^enyl- 
dlphsaesysilass 

HstSyl-j-t r Jaetii/1 »ii/ipiieiiyi- 
di-i- criccsya iiaae 

Trl«ethyl-3-trlchloro«llyl-i- 
propylallaae- 

?rl«*thjl-£-cre««ry»llaae 

Ooapovmd 

3-BroKoph»jrldlehloro»orca 

Tri-jj-*ro»opb«ayi»oro* 

Di«*h/i-jj-aroaopa»a^ltoron, 

66-69e/0.3 nm. 

183-185/0.9 na. 

lyb-200*/1.0 n. 

172V1.0 an. 

182-185%) •* a*. 

158-lo<r/760 mm. 

37*/l.O aa. 

Orcamotorom Coapomada 

II 

a. 

68%). 7 «•; 
•..26-27* 

dac. 265* 

55-56°/26 a.. 

Aaa.1 

Calci. Tocad 

01, 30.22: 
».   5-99 

01, 29-20; 
6.30 

C, 58.75; 
H,    8.51 

c, 
H. 

58.78; 

C, 31.13; 
H,    2.58 

c. 
H. 

31 Mi 
2.73 

0. 59.23; 
H.    4.45 

c. 
H, 

57&1 
4-55 

0, 61.10; 
H.    5.12 

c. 
H. 

61.05; 
5.10 

0, 69.80; 
H,    6.93 H. 

7042 
6.12 

H,    7.44 
M 72 .**; 

7.03 

C.  28.84; 
H,    6.06; 
lent. Iquit. 

83.2 

c. 33.03: 
H,    5-86 

, Ba*t. *I»1T., 
82.2 

C, 66.60; 
H,    8.9*+ 

c, 
H. 

66.9*: 
9.0C 

Calod. 

C, 53.49 
H. 6.2? 

7e*ad 

famt. Bquir., Seat. B^a^., 
118.9        113.9 

0. 47.59; 
B. 4.53 

i 

i 

/ 
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• fi=a*  
k»< 

Coapemad 

Cyclop«ntta«.»a7lD 
chloride 

aoimua- 

Di-B,-fc*tyl»o:roa Hydride 

Trlallylaoroa 

Di-a.-pre2-/ylfcr;>ao»oroa 

Ei-jl-propjl«liyi»orOll 

lthyloyclop«*taB«thylett*aoroa 

Orgaaoaoroa Coapoaada 

WBUI II 

( coat iawtd) 

a. 

109-112V760  M. 

33-37%>.7 aa- 

55-58«/l6 aa. 

44°/l7 <*•• 

Iiir-117*/760 aa.   , 

75-78*/760 as. 

Calod. 

0. 51*60; 
H,    8.59: 

01, 31.33 

C, 76.20; 
H, 15.20; 
B, 8.60 

C, 80.65; 
H, 11.28 

C, 76.39; 
H, 13.77: 
B,    9.84 

Found 

- • .• - -^**» 

H, 7.26 
Cl, 28.67 

0, 56.62; 
H. 13-78; 
B. 6.79 

c. 75.5^: 
H, 10.84 

Br, 45.00 Br, 44.CD 

C, 51.47; 
H, 12.60: 
B.    5-35 

I    I 

Mlacfillaaeoua Goapouada 

TABLI III 

! ! 

Cnapsuad 

£-Broao-^~-(£-aroaoaetaylph«ayl) 
toluaae 

a.    112-113° 

Caled. 

C, 49.43; 
H,    3.56 

*    Toaad 

C, 49.83; 
H,    3.72 

VJLDC TS   54-102 
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NOTICE:   WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATION OR OTJi 
ARE USED FOR ANY PURPOSE C^HER THAN IN CONNECTION WITH A DEFINITE/ 
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY 
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND TE'S FACT TH 
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR B* AtfY WAY 5UPPI.X* 
SATO DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO HE REGARDED lr 
IMPLICATION OR OTHE.vVISE AS IN ANY MANNER LICENSING THE HOLDER OB 
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS lift PERMISSION TO M 
USE OR SELL ANY PATENTED INVENTION THAT MAY W ANX WAT? ':M ".SLATE:.'; 
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